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Abstract: Data on the extension of urban areas are important for analyzing growth dynamics and to
support the planning of transport and service provision. Satellite-based remote sensing has proven
extremely useful, especially in cities that experience fast spatial growth. Different approaches to
satellite-based mapping may, however, produce different results concerning urban categorization
and delineation, often making direct comparison misleading. This study analyses four different
satellite-based studies of urban land cover in Accra, Ghana and presents a new land cover map based
on visual interpretation of segmented Sentinel-2 imagery. The methods and results, as well as the
underlying definition of “urban”, are compared and discussed. One method identifies exclusively
areas with man-made, impervious surfaces, such as roads and buildings, as proxies for urban extent.
Other methods aim to identify a broader set of land cover types, including green spaces, which are
treated as part of the mixed urban fabric. Further differences are found in the way urban fringe areas
under development are classified depending on their degree of urbanization, and in the distance
threshold values used for defining the urban agglomeration. For the most recent maps we identify a
difference in the measured size of the Accra agglomeration of almost 100%.
Keywords: urban; mapping methods; remote sensing; agglomeration size; Accra
1. Introduction
Accra, like many other cities in Sub-Saharan Africa (SSA), has experienced very rapid urban
growth in terms of both area and population during the last twenty to thirty years. For this study, urban
growth is defined as the conversion of rural areas characterized by agricultural land use or natural
land cover into areas characterized by residential, commercial or other types of urban land use. For the
Accra area, urban growth is mainly characterized by sprawling, low-density development, and the
speed of development seems to exceed the capacity for efficient urban planning and for the timely
provision of service and transport infrastructure [1–6]. Thus, individual housing development typically
takes place before infrastructure and service provision are implemented [7]. Although urbanization
processes can be identified, in the sense that land cover is gradually converted from the purely rural to
a new fabric of residential and commercial use, many urbanizing areas at the urban fringe remain in a
state of transition for a long time. Individual builders typically erect houses gradually over several
years when funds are available, as mortgage schemes are less prevalent. Many of these large, newly
urbanized areas of Accra develop into urban ‘deserts’ characterized for long periods by very little
service provision, low accessibility, proneness to seasonal floods etc., thereby restricting their residents’
ISPRS Int. J. Geo-Inf. 2020, 9, 79; doi:10.3390/ijgi9020079 www.mdpi.com/journal/ijgi
ISPRS Int. J. Geo-Inf. 2020, 9, 79 2 of 15
livelihood options [8]. The visual landscape of these new urban areas is often dominated for several
years by a high percentage of plots with natural vegetation or exposed surfaces between half-finished
brick walls [5,9,10].
Improved knowledge and understanding of the dynamics of urban expansion is particularly
important in SSA cities like Accra due to the recent unprecedented levels of spatial growth.
Nonetheless delineation of Accra’s urban boundaries remains challenging due to the sprawling
and gradual nature of its development, as well as the size of the area that is currently urban or
urbanizing. Maps of the extent of urban areas are important for the analysis of growth dynamics,
but they also support the spatial planning of transport infrastructure and service provision [11–13].
With currently no official map production in place, satellite-based mapping methods have proved
unrivaled in providing indications of urban spatial expansion at relatively short time intervals for
more than three decades. During this period, increasingly detailed images have been made available,
though often at a considerably higher cost per square kilometer. Simultaneously, new methods of
classification have been developed and applied. Direct comparison between maps will, however, often
be problematic, and satellite-based approaches may therefore be unable to provide clear answers to
seemingly simple questions like “How big is the urban area?” and “Is the rate of rural-urban conversion
increasing or decreasing?”
Currently, a number of studies have presented city-wide land-cover maps of Accra based on
medium- and high-resolution images (see [14–18] for recent examples). So far only a few studies have
analyzed the challenges of comparing the maps resulting from different remote sensing-based studies.
Among these are [19] and [20], who focus on global datasets of urban areas based on medium-resolution
data. In particular, the latter study identifies a low degree of inter-map agreement for six global urban
maps and two urban-related maps, concluding that their estimates of the total extent of urban land
may differ by as much as an order of magnitude.
The aim of the current study is to analyze nine satellite-derived maps of Accra’s urban extension
from 1985 to 2017 including one produced for the study, in order to compare their results, methodology
and underlying definitions of the “urban”. The five studies that created the maps differ in their
geographical focus, ranging from a global urban-mapping strategy to a strategy rooted in the local
conditions of the Accra area. Most of the maps are based entirely on satellite image data, whereas
one study also incorporates population data. In general, it can be expected that different studies
provide different results for a number of reasons, including for example scale variations. The aim of
the current study is, however, to focus primarily on the differences that relate to how the concept of the
“urban” is operationalized by the applied methods and the implications this have for comparability
with other datasets.
2. Background
2.1. Defining Urban Areas
Although the aim behind all the maps examined here is the provision of up-to-date and accurate
information about the extent of urban growth, no globally agreed definition of “the urban” exists.
According to the UN, because of national differences in the characteristics that distinguish urban
from rural areas, the distinction between urban and rural populations is not yet amenable to a single
definition that would be applicable to all countries [21]. The UN further states that, where there are no
regional recommendations regarding this matter, countries must establish their own definitions in
accordance with their own needs.
Most countries in Western Europe have strict spatio-statistical definitions that guide the mapping
of urban areas, including the demarcation of town/city polygons [22]. The core of these definitions is a
population and a density threshold. An example is the definition used in Denmark, where an urban
area is defined as a “naturally continuous” built-up area with at least two hundred residents. The term
“naturally continuous” is explicitly used of areas where the distance between “houses” is less than
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200 m in a straight line [23]. It is clear that this approach to delineating urban areas ultimately requires
input data in the form of accurate maps of building locations as well as population data disaggregated
to the address/building level. Such data are not normally available in SSA countries.
In Ghana, the definition of urban areas is somewhat different. According to the Ghana Statistical
Bureau, Ghana has “over the years defined an urban area to include all localities with 5000 or more
population”, and national censuses use this definition of urban localities [24]. The official definition
of “urban” in Ghana is thus concerned only with population and not with any specific distance or
density threshold of either buildings or population. In the case of the city of Accra itself, the population
threshold of five thousand was surpassed many years ago, and the delineation of Accra’s “statistical”
boundaries therefore mainly seems to be a question of assessing the density of housing or population
in an area. Since density is not included in the applied definition of “urban”, the question is how
the spatial delineation of urban areas has been handled so far in official statistics and maps. This is
not made explicit in any reference text, but it is assumed to be based on visual assessments. It is
reasonable to assume further that the recent sprawling urban development in many parts of Ghana,
especially in the Accra area, and the resulting blurred boundaries have made the “statistical” boundary
between rural and urban areas much more difficult to determine visually compared to what was the
case previously.
2.2. Measuring the Extent Of Urban Agglomerations
An urban agglomeration, or city-region, can be defined as the near-continuous urban extension of
a large city, such as Accra, that results from the expansion and ultimately merging of several nearby
urban settlements. Globally, an urban agglomeration is most often defined on the basis of existing
administrative units, for example municipalities. A set of these units is selected to define the extent of
the agglomeration with only a broad consideration for the underlying urban structures, and potentially
open to political influence. This approach, however, makes it easier to use aggregated statistics in
reporting on population dynamics. In the case of Ghana, several spatio-statistical definitions closely
related to the administrative structure have been established for the Accra area. These include the
Accra Metropolitan District, the Greater Accra Metropolitan Area and the Greater Accra Region, of
which the latter includes substantial rural areas. These definitions may serve a number of purposes,
but they do not necessarily reflect the status of urban development. Agyemang et al. [16] who provides
an extensive account of the recent development of Accra notes that it has evolved into a city-region
that, territorially, defies traditional administrative boundaries and identifies a “gap between the
rapidly emerging spatial structure of Accra and the operational governance framework”. Similarly,
Gaisie et al. [7] notes that recognizing the Accra city-region based on its spatial structure rather than
through political boundary delimitations has many advantages for urban planning and management.
Technically, to produce a map of the Accra agglomeration that more precisely delineates the actual
extent of the near-continuous urban land cover, it will be necessary to identify a distance threshold
value for deciding when to merge two neighboring urban areas into one. The threshold value could be
zero to indicate that a full ‘collision’ is required, but a value in the range of 500–1000 m is frequently
seen, as further described below. It is worth noting that the growth and subsequent merging of larger
urban areas will often result in substantial and sudden jumps in the size and population figures for
the agglomeration.
2.3. Satellite-Based Methods
A number of remote sensing-based studies aimed at delineating urban areas have been carried
out based on different types of imagery and at different scales. Recently, the appearance of global
datasets of urban areas and locations has increased the focus on how the results of different studies
may contribute to improving our understanding of ongoing processes of spatial development.
All remote sensing-based studies are limited by the characteristics of the available satellite data.
It is normally assumed that accurate delineation of urban areas requires at least medium-resolution
ISPRS Int. J. Geo-Inf. 2020, 9, 79 4 of 15
images such as Landsat-TM, due to the heterogeneity of the urban scene. High-resolution images
provide more detailed information, which is also more complex, expensive and time-consuming to
analyze. A wide range of image analysis methods focusing on the urban scene can be deployed,
including texture and context-based analysis of local neighborhoods, defined either by segmentation
or as fixed-size kernels. Satellite-based classification methods most often rely on identifying proxy
variables related to spectral, textural or contextual image information. It is, however, not expected
that a clear link can be identified between such proxy variables extracted from a satellite image for
classification purposes and a formal, transparent definition of urban areas in the above-described,
“traditional” sense, that is, based on population and distances between houses. This is due to the fact
that the relation between the proxy variables and the urban land cover class is normally established
through the selection of training sites that cover different types of urban land cover. This means that
the applied definition of “urban” for each individual study may be specific to, and somewhat “hidden”
within, the applied method and strategy for the training site selection. The satellite-derived urban
maps become results of feasible, methodological choices rather than the implementation of nationally
adopted formal definitions. Based on this realization it can be expected that direct comparisons
between the resulting maps of urban areas may be impossible or misleading, since the urban categories
may be operationalized differently.
Some studies of urban areas are seen to focus on areas with man-made, impervious surfaces such
as roads and buildings as proxies for urban extent. In Liu, Hu [25], the term “urban land” is stated
explicitly to refer to “impervious surface”, implying impenetrable “artificial cover” and structures.
Other studies aim to identify contiguous urban areas consisting of a variety of land cover types that
are considered part of the mixed urban fabric, and may include areas with a rural appearance that
have just started the urbanization process. The resulting boundary definition and area values for these
two approaches will, of course, be very different. The former group of studies tends to result in many
smaller polygons and exclusion of green areas, parks and lakes in urban areas, while the latter group
tends to result in fewer and more generalized polygons without many gaps.
Other discrepancies between different studies concern the handling of areas that are undergoing
urbanization and the level of completion required for an area to be assigned to the urban category.
For the Accra agglomeration, one end of the extreme would be to denote a fringe area as urban only
when almost all houses and roads are completed, while the other end of the extreme would be to
include an area with only a few scattered houses and foundations, if an emerging ‘dirt’ road pattern
indicates that the area is in the initial phase of becoming urban. In the Accra case, this choice is expected
to influence the result quite heavily.
As described in the previous section, also differences in the applied distance threshold value for
identifying “near-continuous” urban agglomerations may influence the resulting maps and potentially
complicate comparisons between different studies further.
In the next section, five different studies of Accra’s urban extent are analyzed and compared.
As described previously, there is no official definition of the “urban” in Ghana based on population or
housing density that can be used as a formal benchmark. The aim is to focus on the methodological
characteristics and, hence, comparability of the resulting maps
3. Materials and Methods
Please refer to Table 1 for a list of the nine maps that are analyzed and the names of the five
datasets from where they origin. All datasets have been acquired from their producers, except the VIS
dataset which has been prepared for this study. The following sections present the characteristics of
each dataset.
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Table 1. List of the nine compared maps with computed agglomeration size for the Accra area and
names of the datasets from which they origin. (1) The “threshold for merging” indicates the maximum
distance applied for including neighboring urban areas within the agglomeration.
Dataset Name DatasetAbbrev.
Threshold for
Merging (1)
(m)
Year Class Description
Reported Area of the
Accra Agglomeration
(km2)
Landsat-TM
texture [26] TM 500
1985 “urbanized areas” 162.4
1991 “urbanized areas” 216.7
2002
“urbanized areas” 579.0
“urbanized areas” and
“areas under
conversion”
857.3
Global Urban
Footprint [27] GUF 500 2012 ”urban/ built-up area” 617.5
Atlas of Urban
Expansion [12] AUE 1000
1991 ”urban” and”sub-urban areas” 133.3
2000 ”urban” and”sub-urban areas” 413.1
2014 ”urban” and”sub-urban areas” 872.8
AfricaPolis [28] AP 200 2015 “urban agglomeration” 1194.3
Visual
inspection of
segments
VIS 500 2017
“full urbanization”
(Category 1) 553.1
“full urbanization”
and “medium-high
urbanization”
(Category 2)
683.1
“full urb.”,
“medium-high urb.”
and “medium-low
urb.” (Category 3)
943.6
“full urb.”,
“medium-high urb.”,
“medium-low urb.”
and “low urban”
(Category 4)
1340.0
3.1. Landsat TM-Texture (TM)
This dataset is based on an analysis of Landsat-TM data from 1985, 1991 and 2002 [26]. Four maps
are presented showing the extent of the urbanized areas of Accra for these three years, as well as the
extent of the “area that [was] under conversion to urban use” in 2002.
The classification is based on texture computed from Haralick-style co-occurrence matrices [29].
Six different second-order texture measures were computed separately for the following four moving
window sizes (in pixels): 5 × 5, 9 × 9, 15 × 15 and 29 × 29. Based on selected training sites, a standard
supervised parallelepiped classification was performed for each urban class and each window size
separately. The final classified map was produced by combining the individual maps using a GIS-based
weighted overlay function.
The selection criteria for the training sites are stated in general terms: “The training sites were
selected in areas with a high proportion of nearly completed houses (‘urban area’) as well as in areas
characterized by scattered houses under construction (‘areas under conversion’). The aim was to
delineate a fringe zone under transition that cannot be defined as urban yet—but will be within the
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next few years” [26]. The resulting maps mark out the continuously built-up area, as well as some
adjacent urban development.
3.2. Global Urban Footprint (GUF)
This dataset is the result of an effort to generate so-called urban footprint data on a global scale
based on Synthetic Aperture Radar (SAR) imagery from the German TanDEM-X mission of 2012 [30].
The methodology comprises pre-processing of the SAR data with a focus on the analysis of local
speckle statistics in order to generate a texture layer and highlight highly textured image regions [31].
Along with the original intensity information, the texture layer is subsequently analyzed by means of
an automated pixel-based image classification process involving a scene-specific, “speckle divergence”
threshold value to produce a cell-based binary mask of built-up areas with twelve-meter spatial
resolution and global coverage.
Based on the documentation, it is reasonable to conclude that there is no direct link between the
applied automated methodology and a formal definition of the urban. The authors also acknowledge,
moreover, that they use the terms “urban” and “built-up” interchangeably [27]. An examination of
the method and the resulting data sets indicates that the urban coverage ("footprint") is primarily
associated with a high prevalence of man-made structures and surfaces such as roads and buildings
acting as proxies for a category of urban land cover. In general, this will identify a smaller urban extent
than methods that include a more diverse set of such categories. The approach behind GUF mainly
identifies fully built-up sub-areas of Accra and its surroundings and is not directly concerned with
delineating the boundaries of the urban agglomeration. For the current study, the total urban area
and the boundary lines of the Accra agglomerations have been established by selecting urban cells
according to a 500 m distance threshold value as described in Section 3.6.
3.3. Atlas of Urban Expansion (AUE)
The AUE dataset is the result of a major effort to provide comparable data on the spatial growth
of two hundred cities around the globe [12]. The vectorized end-products for the years 1991, 2000
and 2014 have been examined for this study. The core of the methodology behind AUE is an initial
supervised per-pixel identification of “built-up” pixels, based on thirty meter-resolution Landsat-TM
images. This is followed by a further qualification of each urban pixel into “urban”, “suburban” or
“rural” depending on the share of built-up pixels within “walking distance", defined as a circle with
an area of one square kilometer. Although the general aspects of the method and the underlying
considerations are well described, it is not possible to identify a specific population or building density
threshold value that defines precisely what is classified as urban. This is due to the nature of the initial
classification and the spatial resolution of the data source, which does not permit the identification
of individual buildings. With respect to the delimitation of Accra’s city boundaries, it is stated that
cities are defined as agglomerations of contiguous built-up areas (and the open spaces in and around
them) in AUE. Inspection of the maps indicates that “free-lying” urban polygons with a distance of
up to 1000 m from the main polygon are designated as part of the contiguous area of Accra in the
AUE dataset.
3.4. Africapolis (AP)
The Africapolis dataset is produced by the Sahel and West Africa Club in collaboration with
E-geopolis. It provides data on the estimated populations and spatial extents of a large number of
urban locations in West Africa [28]. It is argued in the metadata that the dataset has been produced
with a strong emphasis on standardization, currently being the “only comprehensive and standardized
geospatial database on cities and urbanization dynamics in Africa”. It is further argued that “the
method is [...] comparable, independent of national definitions and verifiable”, but it is also noted that
“[d]ata inconsistencies and geographic and historical gaps in census coverage are a reality and remain
a constraint in analysing urbanization dynamics in the region” [13,28].
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AP seeks to apply both statistical and spatial criteria to the delineation of urban agglomerations:
“First, an agglomeration must be a continuously built-up and developed area, with less than 200 m
between two buildings. Secondly, an agglomeration is considered urban if it has a minimum of
10,000 agglomerated inhabitants” [28]. A total of 7500 agglomerations are identified on the African
continent. With reference to Section 2.1 on defining urban areas, it can be noted that the threshold
value of 200 m for spatial continuity is similar to what is found in many West European definitions
of urban areas, while the population threshold of 10,000 is relatively high and seems to reflect a
wish to distinguish larger towns and cities from smaller “urban areas”. For the spatial threshold
value, it is further noted that distances are computed between “buildings and constructions” and that
“(b) uildings can be residential, industrial and administrative and can also include infrastructure such
as bridges and ports—and even roads” [28]. It is not specified how the building structures are classified
or how distances are computed to objects with spatial extensions such as roads. The specific method
for detecting these basic structures is not described in detail either, except that a map of urban areas is
created based on the study of satellite images or aerial photographs.
Within the AP dataset the population figure for a potential agglomeration is computed by
overlaying the map of urban areas with a map of the smallest officially defined local administrative
units, which have been informed by national statistics in terms of population number: “By combining
demographic sources with satellite and aerial imagery and other cartographic sources, Africapolis
can pinpoint population estimates at the level of individual agglomerations” [28]. Whether the
obtainable spatial resolution of population data is sufficient to resolve the population criteria for
small agglomerations in all countries could probably be debated. It is clear, however, that the Accra
agglomeration passed the population threshold of 5000 decades ago, so that only the criterion of spatial
continuity (a maximum 200 m between buildings) is relevant.
3.5. Visual Interpretation of Segmented Sentinel-2 Imagery (VIS)
To further facilitate evaluation of the urban maps provided by the above-described datasets, a new
dataset has been established (see Figure 1). The main purpose of this dataset is to provide additional
data on the recent degree of urbanization in the fringe areas of the Accra agglomeration to qualify the
differences between the existing datasets. The new dataset is based on a combination of the automated
segmentation of Sentinel-2 images, followed by a visual inspection of both Sentinel-2 and Google Earth
(GE) satellite data. Two cloud-free Sentinel-2 images were used to cover the Accra area, one from
25-12-2017 (East), the other from 27-01-2017 (West). The analysis was based on the Sentinel 2B band 2,
3, 4 and 8 at a ten-meter resolution. The multi-resolution segmentation function of the eCognition
software was applied with a scale parameter of 225, a shape parameter value of 0.8 and a compactness
parameter value of 0.8. For Sentinel 10m these values produce segment boundaries that, based on
visual inspection, reflect reasonably well the boundaries between urban areas of different densities and
structures, with a low level of over-segmentation. A total of 1006 segments with an average area of
2.2 km2 were identified as relevant for determining the extent of the Accra agglomeration.
Image segment boundaries were extracted and superimposed on detailed satellite data in GE for
more precise evaluation of the degree of urbanization. Based on visual interpretations of GE data
and Sentinel data, each segment was classified into one of five categories: (1) full urbanization (circa
75%–100% urban, (2) medium-high urbanization (circa 50%–75% urban), (3) medium-low urbanization
(circa 25%–50% urban), (4) low urbanization (circa 5%–25% urban) and (5) non-urban. Note that the
figures do not indicate population densities, nor percentages of impervious surfaces. Rather, they
estimate how large a percentage of a given segment is currently covered by the prevailing type of
urban development. Thus, for a developing residential area, “medium-low urbanization” means that
parcels with completed or almost completed residential houses constitute approximately a quarter to a
half of the total area of the segment, “low urbanization” indicates that there are visual clues that the
area is in the initial phase of rural-urban conversion based on evidence of new houses and the layout
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of the roads/paths system. The percentage value indicates the average urbanization value for each
segment even in cases where urban development is not homogeneously spread within the segment.
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3.6. Data Processing
Three of the five datasets (TM, GUF and VIS) are regional in the sense that they also include
free-lying urban areas outside the Accra agglomeration. Two of the five datasets (AUE and AP) aim at
defining the agglomeration itself and contains no additional urban areas.
For the regional datasets a central issue is the application of the distance threshold value for
deciding whether to formally include a neighboring urban area in the agglomeration or not, as discussed
in Section 2.2. A distance threshold value of 500 m has been chosen for the three regional studies as a
compromise between the 200 m (between buildings) and 1000 m applied by AP and AUE respectively.
The three regional datasets have been analyzed using the ESRI-ArcMap software with the purpose of
extracting the specific parts that represent the Accra agglomeration, based on the defined distance
threshold value. The distance threshold has been applied by selecting a core urban area within the
agglomeration and iteratively selecting and adding all neighboring urban areas within this distance to
the core. The iteration stops when no further urban areas are found within the distance. The distance
is measured as straight-line distances between the boundaries of each urban polygon. For the GUF
dataset which is based on cells, not polygons, the method is similar; the distance is, however measured
between the cell boundaries. Finally, for all datasets the ESRI-ArcMap software has been used for
calculating the size of the urban agglomeration and for visualization. No modifications of the contents
of the existing datasets have been done.
Using the above threshold value of 500 m the TM dataset reports a total agglomeration size
(km2) for 1985, 1991 and 2002 (fully urban/under conversion) of 162, 217 and 579/857 respectively
(see also Table 1). It can be noted that the calculated total size, including areas under conversion in
2002, increases by 5.3% when an inter-polygon distance threshold of 1000 m is used rather than 500 m.
For the GUF dataset, the agglomeration size reported for 2012 is 617 km2. This value increases by only
1% if a distance threshold value of 1000 m is applied instead. The AUE dataset applies a threshold
ISPRS Int. J. Geo-Inf. 2020, 9, 79 9 of 15
value of 1000 m as described above. The total size of the Accra agglomeration (km2) reported for 1991,
2000 and 2014 are 133, 413 and 873 respectively. This implies average annual growth rates of 13.3%
between 1991 and 2000 and of 5.5% between 2000 and 2014. For the AP dataset the specified threshold
value of 200 m (between buildings) is maintained for the current study. The available data do not
permit any re-calculation. Based on this value, the area of Accra’s urban agglomeration reported by
AP for 2015 is 1,197 km2. Finally, for the VIS dataset the total urban area and the boundary lines of
Accra’s agglomerations have been established based on all the segments in Categories 1–4. Using the
distance threshold value of 500 m, the total size of the agglomeration reported for 2017 is 1340 km2.
Each Category (1–4) contributes with the following sub-area figures (km2): 553 (41.3%), 130 (9.7%), 260
(19.4%) and 396 (29.6%).
4. Results and Discussion
All area estimates for the Accra agglomeration that have been computed from the five datasets
are shown in Table 1 and Figure 2. The agglomeration maps for the most recent period (2012–2017) are
shown in Figure 3, for the middle period (2000–2002) in Figure 4, and for the earliest period (1985) in
Figure 5. An example of the mapping of fringe areas by the most recent datasets is presented in Figure 6.
When evaluating all agglomeration area estimates for the examined period 1985–2017 via-à-vis each
other (Figure 2), it is clear that there are discrepancies between the datasets. For the most recent maps
for example we identify a difference in the estimated size of the Accra agglomeration of almost 100%
between GUF (2012) and AP (2015) although they are only three years apart.ISPRS Int. J. Geo-Inf. 2020, 9, 79 11 of 15 
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Figure of differences in mapping the same ar a at the urban f inge by th following datasets:
Global Urban Footprint (GUF), Atlas of Urban Expansion (AUE), AfricaPolis (AP) and Visual inspection
of segments (VIS—Cat ories 1–4). The geo raphical location of the area is indicated in Figure 1.
When examining the fringe area example in Figure 6, it becomes apparent that areas in early stages
of c versi to urban use are mapped to a much lesser extent by the GUF dataset than by the datasets
with a broader definition of urban, in particular AP. Additionally, the VIS dataset (Categories 1–4)
recognizes these emerging urban areas as part of the agglomeration, while the AUE dataset seems
to require slightly more urban development for inclusion in the agglomeration, as further discussed
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in the next section. Since gradual urban development is a predominant phenomenon in Accra, these
differences will influence the reported demarcation and total size of the agglomeration quite markedly.
The AP dataset seems to merge diverse areas, including areas with a low degree of urban development
and green areas into a single urban polygon with very few gaps. The VIS and AUE datasets, on the other
hand, identify some non-urban areas that appear as rural “islands” within the urban agglomeration.
A comparison of the datasets for the early, middle and recent years of the examined time period
follows below. It is not our intention to identify specific strengths and weaknesses of the datasets; this
will be highly dependent on the context in which they are applied. Further, as described previously,
there are no official maps to compare with. The main goal is to provide evidence for the main
assumption behind this study, that the urban land cover class is interpreted and operationalized,
implicitly or explicitly, in different ways in the examined remote sensing-based datasets.
4.1. Results for 2012–2017
For the most recent years, the lowest area values are reported by GUF (2012), which is consistent
with its specific focus on places with a high prevalence of man-made structures. Furthermore, the aim
of providing global coverage may limit the ability to take the gradual nature and special characteristics
of urban development in Accra fully into account. It can be seen that the urban mask of the GUF data is
comparable in size to the areas designated as urban in 2002 by the TM dataset. The highest area values
are reported by AP and VIS. The VIS value exceeds AP if all urban categories (1–4) are included in the
VIS result, while it is somewhat lower if Category 4 (“low urbanization”) is excluded. At first sight
it seems somewhat surprising that AP, the dataset that applies the lowest threshold distance values
for spatial continuity evaluations (200 m), reports such a high area value. This may reflect the fact
that AP is indulgent in the sense that a number of different object types are accepted when evaluating
intra-urban distances, as previously described. When compared to the VIS dataset—keeping in mind
the two years’ difference between them (2015 vs. 2017), and not knowing the precise growth rates—the
AP agglomeration map is approximately equivalent to a >10%-level of urbanization following the VIS
definition. This means that fringe areas with only minor traces of expected future urban land cover are
included in the agglomeration reported by AP. AUE reports somewhat lower area figures for 2014,
roughly equivalent of a >30%-level of urbanization following the VIS definition. Figure 6 illustrates the
difference between the more fragmented urban areas of the GUF dataset and the more coherent, albeit
still different, areas of the AUE and AP datasets for a local area at the fringe of the agglomeration.
4.2. Results for 1985 and 2000–2002
For the middle period, the two available datasets, AUE (2000) and TM (2002), report vastly
different results even when the two years’ difference are taken into account. In terms of agglomeration
area, AUE is at 71.3% of TM (fully urban), and only at 48.2% of TM (urban + urbanizing), despite
a higher spatial continuity threshold value for AUE (1000 m) than for TM (500 m). The difference
between the areas reported by the two datasets is similarly large for 1991. It is hard to pinpoint a
specific reason for the difference, since the studies have similar objectives. Although based on the
same type of satellite data, the processing methods for the two datasets are quite different: AUE is
essentially per pixel-based, while TM is texture-based. Moreover, AUE’s methods are designed to be
applied globally, while TM was developed specifically for the Accra area.
For 1985 only one dataset, TM, is available, reporting a 4.9% annual increase in urban area between
1985 and 1991. The area reported by AUE for 1991 is actually lower than the TM value for 1985.
4.3. Further Comparison
Overall, the calculated agglomeration area values indicate clearly that significant urban growth
has taken place during the period. The documented variation between the studies implies, however,
that care should be taken when selecting specific data for growth rate estimations to avoid comparing
area estimates that are essentially incomparable. Following up on the previous notes, it is not a question
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about correct or incorrect data (although some direct misclassifications will occur for all satellite-based
strategies) but primarily a question about differences in objectives and methods.
The results obtained by the analyzed studies can be further contextualized by references to a
few other recent studies: Agyemang, Amedzro [16] reports the “contiguous built-up” areas of the
city to be 245 km2 in 1990 and 1050 km2 in 2015 based on the analysis of Landsat-TM imagery. It is
noted that the classification results for the two years were obtained separately, using different methods.
The estimated value for 1990 is comparable to, if slightly higher than, the 217 km2 calculated from the
TM dataset, and considerably higher (84%) than the 133 km2 calculated for the AUE dataset. The value
for 2015 is somewhat higher (20%) than calculated for AUE (2014) while lower (-12%) than calculated
for AP (2015). Together, this can be seen as a further indication that the AUE dataset is relatively less
inclusive than the AP and TM datasets while still presenting a considerably less fragmented urban
scene than the GUF dataset.
Akubia and Bruns [17] reports an urban extent for Accra of 411 km2 in 2008 and 689 km2 in 2017
based on the analysis of Quickbird/Worldview-2 imagery. Although none of the analyzed maps in
the current study reports the urban extension in 2008, it seems clear that both values are considerably
lower than what is found by the examined studies, which may indicate a narrow definition of “urban”
and/or, especially for 2017, the fact that the study area is confined within administrative boundaries.
5. Conclusions
This study has analyzed and compared five different studies of Accra’s urban extent with a focus
on their methodological characteristics and the comparability of the resulting maps.
Substantial differences in the demarcation of the Accra agglomeration were identified between
the maps, also in cases of proximity in time. Therefore, a central finding is that comparisons between
different satellite-derived maps of urban areas may be difficult and potentially misleading, since the
urban categories are operationalized differently. It should not come as a surprise that different products
provide different results. However, since all apply almost the same category label (“urban”) the issue
of comparability may not necessarily be clear to non-technical users of the maps.
Two different types of remote sensing approaches were identified: The method behind the
GUF dataset aims to identify exclusively areas with man-made, impervious surfaces such as roads
and buildings as proxies for urban extent. The methods behind the four other datasets were all
more ‘inclusive‘ (although at different levels), aiming to identify a broader set of land cover types.
These include parks and open spaces that are considered a part of the mixed urban fabric. Overall,
the results show that the AUE dataset is relatively less inclusive than the AP and TM datasets while
still presenting a considerably less fragmented urban scene than the GUF dataset. Concerning urban
fringe areas in the early stages of urbanization, the results show that AP includes these to a very high
extent, while GUF excludes them almost entirely.
The AP study aims at applying a more formal definition of “urban” by incorporating population
data density threshold values related to building locations. The fact remains, however, that the
availability of such data is limited in SSA at the spatial and temporal scale at which it is needed.
Further differences between the maps were found in the way urban fringe areas under development
are classified depending on their degree of urbanization as well as the applied distance threshold
values for including/excluding sites into the urban agglomeration.
This study shows that it is not meaningful to compute growth rates directly between different
datasets, since this would most likely lead to invalid conclusions concerning the growth dynamics.
Estimates of urban spatial growth from direct comparison of a historical datasets with an inclusive
definition of “urban” with a more recent dataset such as GUF that uses a narrow definition of the
urban could lead to the erroneous conclusion that Accra’s spatial expansion has almost come to a halt.
Other recent datasets provide a clear indication that the Accra agglomeration is, in fact, still expanding
quite fast.
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Accurate spatial data on the expansion of the Accra agglomeration, as a supplement to the
10 years census data, are necessary to assess the growth dynamics. The major challenges for urban
development in the fringe zone include poor transport infrastructure and service delivery, especially
the provision of an adequate water supply and an efficient waste-management system. The unplanned
spatial expansion of Accra has resulted in limited connectivity both within the city and between it
and its hinterlands. Recognizing the Accra agglomeration based on its spatial structure rather than
through political or statistical boundary delimitations has many advantages for urban planning and
management, as also noted by Gaisie et al. [7]. In the case of Accra, satellite imagery is the main
source for such data, providing valuable and timely information about the occurring urban land cover
changes. The rapid increase in studies that provide growth estimates for urban areas makes it even
more important that the often implicit definition of the “urban“ is analyzed and expressed more clearly
by each study.
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